We performed experiments to determine whether or not extracardiac factors are involved in the increase of the glycogen phosphorylase activity after coronary artery ligation in dog hearts. A branch of the left anterior descending coronary artery (LAD) was ligated for 1.5 minutes. The glycogen phosphorylase activity was determined in the endo-and epicardial layers. LAD ligation sigificantly increased the glycogen phosphorylase activity in both LAD (ischemic) and circumflex (nonischemic) areas. Pretreatment with reserpine (1 mg/kg, im, 24 hours before experiments) or hexamethonium (3 mg/kg, iv) prevented the LAD ligation-induced increase in the glycogen phosphorylase activity, but adrenalectomy did not. In the heart-lung preparation and stellectomized dogs, LAD ligation did not increase the glycogen phosphorylase activity in both ischemic and nonischemic areas. Changes in the glycogen phosphorylase activity in the endocardial layers were not essentially different from those in the epicardial layers. In other dogs, metabolic intermediates and ST segment of the surface electrocardiogram were measured. LAD ligation significantly decreased the tissue level of creatine phosphate and increased that of lactate in the ischemic but not in the nonischemic area. An elevation of ST segment occurred only in the ischemic area. Thus ischemic and nonischemic areas were confirmed. The ATP level, however, did not change in any of the ischemic and nonischemic areas. It is suggested that LAD ligation increases the glycogen phosphorylase activity in both ischemic and nonischemic areas probably by an increase in the efferent cardiac sympathetic nerve activity. (Circ Res 51: [733][734][735][736][737][738][739][740][741][742] 1982) MYOCARDIAL ISCHEMIA results in an increase of activity of the tissue glycogen phosphorylase (Dobson and Mayer, 1973; Ichihara and Abiko, 1975; Sakai and Abiko, 1981) , probably because catecholaminerelease occurs in the heart in response to ischemic stimuli (Wollenberger and Shahab, 1965; Lammerant et al., 1966) . The fact that propranolol attenuates the increase in the glycogen phosphorylase activity after coronary artery ligation (Ichihara and Abiko, 1977) , supports the view that catecholamine-release occurs in the ischemic area of the heart, although there is a possibility that a reduction of oxygen consumption and other effects of propranolol relating directly or indirectly to /?-adrenergic blocking action of the drug may be responsible for the attenuation of ischemiainduced increase in the glycogen phosphorylase activity. There is another question as to whether catecholamine-release occurs in the nonischemic area as well as ischemic area, because myocardial norepinephrine level in the nonischemic area decreases shortly after coronary artery ligation (Sakai and Abiko, 1981) . In fact, the glycogen phosphorylase activity has been shown to increase in both ischemic and nonischemic areas of the same left ventricular wall after coronary artery ligation (Sakai and Abiko, 1981) .
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The purpose of the present study was to elucidate the mechanism by which coronary artery ligation increases the activity of the myocardial glycogen phosphorylase. Reserpine and hexamethonium were used to examine whether the effect of coronary artery ligation to increase the glycogen phosphorylase is related to catecholamine-release and also activity of the autonomic nervous system. In addition, the adrenalectomized animal and heart-lung preparation (HLP) were employed in order to examine whether there is contribution of the adrenal glands and neural factors to the increase of the glycogen phosphorylase activity induced by coronary artery ligation. Further, stellectomized dogs were used in order to confirm contribution of cardiac sympathetic nerves to the increase in the glycogen phosphorylase activity after coronary artery ligation.
Methods

Animal Preparation
Mongrel dogs of either sex weighing 10.8 ± 0.2 kg (mean ± SE) were anesthetized with sodium pentobarbital (30 mg/ kg, iv) and ventilated with a Harvard respirator through a tracheal cannula.
The animals were divided into six groups: (1) control, (2) reserpine-pretreated, (3) adrenalectomized, (4) hexamethonium-pretreated, (5) HLP, and (6) stellectomized groups. In all the groups except for the HLP and stellectomized groups, a left thoracotomy was performed. In the HLP and stellectomized groups, a midline thoracotomy was performed. In all the dogs, the anterior aspect of the left ventricle was exposed by a pericardiotomy, and a small branch of the left anterior descending coronary artery (LAD) was dissected free from surrounding tissues to place a silk thread around the LAD branch. Each group was subdivided into two small groups; 1.5-minute Iigation and nonligation subgroups. In the 1.5-minute Iigation subgroup, the LAD branch was ligated with the silk thread (LAD Iigation) for 1.5 minutes, and in the nonligation subgroup the LAD branch was not ligated although the silk thread was placed around the LAD. In the reserpine-pretreated group, reserpine (1.0 mg/kg, im) was injected 24 hours before starting experiments. In the adrenalectomized group, a midline laparatomy was performed before the left thoracotomy, and both adrenal glands were extirpated. Adrenalectomy was confirmed by a decrease in the hypertensive response to occlusion of both carotid arteries (for 30 seconds). In addition to the 1.5minute Iigation and nonligation dogs, sham-operated dogs were used in the adrenalectomized group. In the hexamethonium-pretreated group, hexamethonium (3.0 mg/kg, iv) was injected 20 minutes before LAD Iigation. Blood pressure in the left carotid artery and heart rate was measured.
In the HLP group, the azygos vein and the inferior vena cava were tied. Both vagi were cut at the level of the larynx, and the animals were heparinized by an injection of heparin (500 units/kg, iv). Then the left subclavian artery was tied. The superior vena cava was also tied, and the distal portion of the tied superior vena cava was cannulated. The heart was supplied with blood coming from a reservoir via the cannula introduced into the superior vena cava. Heparinized blood, collected from donor dogs that were anesthetized with pentobarbital, was added to the reservoir until the level of blood in the reservoir was 10 cm higher than the level of the right atrium. An aortic cannula was inserted into the brachiocephalic artery to allow arterial blood to go to the reservoir through a pneumatic resistance and a heat exchanger, and the aorta was ligated just distal to the aortic arch. The pneumatic resistance was adjusted to 80 mm Hg, and the heat exchanger was used to warm blood so that blood temperature in the right atrium would be 37°C. Aortic pressure and cardiac output (stroke volume-coronary flow) were recorded with a pressure transducer and a flow probe, which were placed between the aortic cannula and the pneumatic resistance.
In the stellectomized group, both stellate ganglia were extirpated. It took 15-20 minutes to perform the bilateral stellectomy. Ligation of LAD was carried out at least 60 minutes after the end of stellectomy, because the dog preparation was unstable during the first 30 minutes after stellectomy. Extirpation of both stellate ganglia was confirmed by a marked and significant decrease in heart rate.
Myocardial samples were taken from LAD (ischemic) and circumflex (nonischemic) areas. The ischemic area was determined by color change and anatomical considerations of the ligated LAD branch, and the ischemic sample was removed from the center of the ischemic area. One and one-half minutes after LAD ligation, the myocardial tissue samples were rapidly removed with scissors from ischemic area and then from nonischemic area, and immediately pressed and frozen with freezing clamps, so that the fragments originated in the endocardial layers and those in the epicardial layers could be collected separately. (The circumflex area was removed about 15 seconds after removal of the LAD area, and the time required for removing and freezing each of the myocardial samples was less than 10 seconds.) The frozen tissue samples were then plunged into liquid nitrogen and stored in it until activity of the glycogen phosphorylase was measured. The myocardial samples were also taken from dogs in the nonligation subgroup as those in the 1.5-minute ligation subgroup.
In order to determine whether our method of LAD ligation makes the LAD area, but not the circumflex area, really ischemic, and whether our technique of removing the myocardial samples is suitable for this kind of experiments, we conducted additional experiments in other dogs, which were divided into nonligation and 1.5-minute ligation groups. As parameters of regional ischemia, the tissue levels of adenosine triphosphate (ATP), creatine phosphate (CrP), Iactate, and ST segment of the surface electrocardiogram were employed.
Determination of Glycogen Phosphorylase Activity
Each of the endo-and epicardial frozen tissue samples was weighed (200-300 mg) and ground into fine powder in a mortar chilled with liquid nitrogen. The frozen tissue powder was homogenized at -25°C in 10 volumes of 60 % glycerol solution containing 20 mM KF and 1 IHM ethylene diaminetetraacetic acid (EDTA). The homogenate was centrifuged at 8500 g for 10 minutes at -5°C. The supernatant was diluted 10/3 fold in 0.1 M KF just before determination of the phosphorylase activity. The phosphorylase activity was assayed by measuring inorganic phosphate (Pi) liberated as a result of addition of glucose 1-phosphate to the mixture which contained supernatant solution and the assay medium for phopshorylase described by Cornblath et al. (1963) . Pi was measured according to the method of Fiske and Subbarow (1925) . The activity of the phosphorylase a was assayed in the absence of 5'-AMP and the total activity of phosphorylase a and b in the presence of 5'-AMP. The activity of the glycogen phosphorylase was expressed as either the activity of phosphorylase a (/imol/g/min; Figs. 1-6), or percent glycogen phosphorylase (Table 1) that was defined as percent of the glycogen phosphorylase a {jimo\/ g per min) of the total glycogen phosphorylase (fimol/g per min).
Determination of ATP, CrP, and Lactate
The frozen tissue samples were ground into fine powder and weighed. The frozen tissue powder was extracted with three volumes of 6% HCIO4. The extract thus obtained was centrifuged at 750 g for 10 minutes at 0°C, and the supernatant was gradually neutralized with 70% KOH. The perchlorate produced as a result of the neutralization was excluded by centrifugation at 750 g for 10 minutes. Then the supernatent was analyzed for determination of ATP, CrP, and lactate. The levels of ATP, CrP, and lactate were measured enzymatically according to the method described by Bergmeyer (1974) .
Statistical Analysis
Student's f-test was used to determine the significance of difference between means. Paired data analysis was performed for paired data, and unpaired data analysis for unpaired data. A P value of 0.05 or less was taken to reflect a significant difference.
Results
Control Group (Fig. 1) This series of experiments was conducted to determine whether activity of the glycogen phosphorylase increases after LAD ligation in both ischemic and nonischemic areas. Heart rate, systolic, and diastolic blood pressures before LAD ligation in the 1.5-minute 
Circumflex area
Epi Total FIGURE. 1. The effect of LAD ligation on the endocardia] (Endo) and epicardial (Epi) activities of the glycogen phoshorylase a and the total glycogen phosphorylase in the LAD and circumflex areas in the control group. In the 1.5-minute ligation subgroup, the LAD area and circumflex area refer to the ischemic and nonischemic areas, respectively. **P < 0.01 when compared to the value in the nonligation subgroup (unpaired Student's t-test). ligation subgroup (n=10) were 143 ± 9 beats/min, and 135.0 ± 6.1 and 105.6 ± 10.2 mm Hg, respectively, and those in the nonligation subgroup (n=8) were 153 ± 6 beats/min, and 138.0 ± 6.9 and 109.7 ± 7.7 mm Hg, respectively. There were no significant differences in heart rate, and systolic and diastolic blood pressures between 1.5-minute ligation and nonligation subgroups. There were also no significant differences between 1.5-minute ligation and nonligation subgroups in the total activity of the endo-and epicardial glycogen phosphorylase in both LAD and circumflex areas. However, the activity of the glycogen phosphorylase a in the 1.5-minute ligation subgroup was significantly higher than that in the nonligation subgroup in the endo-and epicardial layers in both LAD and circumflex areas. It was also noted, in the nonligation subgroup, that the activity of the glycogen phosphorylase a in the LAD area was higher than that in the circumflex area. The activity of the glycogen phosphorylase a after LAD ligation in the endo-and epicardial layers of the LAD area increased by 86.3 and 123.2%, respectively, and that of the circumflex area by 147.0 and 217.6%, respectively. The percent glycogen phosphorylase in the 1.5-min-ute subgroup was also significantly higher than that in the nonligation subgroup in the endo-and epicardial layers of both LAD and circumflex areas (Table  1 ). These findings indicate that the activity of the glycogen phosphorylase increases after LAD ligation in both ischemic and nonischemic areas.
Reserpine-Pretreated Group (Fig. 2)
In this series of experiments, we injected reserpine 24 hours before starting experiments in order to examine whether the increase in the activity of the glycogen phosphorylase after LAD ligation is related to the catecholamine stores in the heart. Heart rate, systolic and diastolic blood pressures immediately before starting the experiments were 115 ± 5 beats/ min, and 122.7 ± 7.4 and 90.0 ± 7.3 mm Hg, respectively. These values were lower than those in the control group. There were no significant differences, however, in heart rate, systolic and diastolic blood pressures between 1.5-minute ligation (n=7) and nonligation (n=6) subgroups in the reserpine-pretreated group. There were also no significant differences in the activities of the total glycogen phosphorylase and the glycogen phosphorylase a between the 1.5-minute ligation and nonligation subgroups in the endo-and epicardial layers in both LAD and circumflex areas. The activity of the glycogen phosphorylase a in the endo-and epicardial layers in both LAD and circumflex areas was significantly lower than that in the control group, while the activity of the total glycogen phosphorylase in the endo-and epicardial layers in both LAD and circumflex areas was not significantly different from that in the control group. The percent glycogen phosphorylase in the endo-and epicardial layers of both LAD and circumflex areas in the nonligation subgroup of the reserpine-pretreated group was significantly lower than that of the control group. However, there was no significant difference between 1.5-minute ligation and nonligation subgroups in the percent glycogen phosphorylase in any of the layers and areas in the reserpine-pretreated dogs (Table 1) . These results indicate that reserpine decreases the normal activity of the glycogen phosphorylase and prevents the increase in the activity of the glycogen phosphorylase after LAD ligation in both ischemic and nonischemic areas.
Adrenalectomized Group (Fig. 3) This series of experiments was conducted in order to determine whether the adrenal glands participate to the increase in activity of the glycogen phosphorylase after LAD ligation. Heart rate, systolic and diastolic blood pressures before adrenalectomy were 164 ± 8 beats/min, and 169 ± 6.0 and 119.7 ± 4.6 mm Hg, respectively, and those after adrenalectomy were 158 ± 7 beats/min, 101.9 ± 7.3 and 67.2 ± 5.9 mm Hg, respectively. Both systolic and diastolic blood pressures decreased significantly after adrenalectomy. Occlusion of both carotid arteries for 30 seconds elevated mean blood pressure by 36.0 ± 2.2 mm Hg before adrenalectomy, whereas it elevated only 3.8 ± 1.1 mm Hg after both adrenalectomy (n=8); the degree of blood pressure response to carotid occlusion after adrenalectomy was significantly lower than that before adrenalectomy. In sham-adrenalectomized dogs (n=7), occlusion of both carotid arteries elevated mean arterial pressure by 34.6 ± 3.0 and 36.3 ± 4.3 mm Hg before and after sham adrenalectomy, respectively. There was no significant difference in the blood pressure response before and after sham adrenalectomy.
In the adrenalectomized dogs, the activity of the glycogen phosphorylase was measured in both 1.5minute ligation and nonligation subgroups. The activity of the glycogen phosphorylase a of the endo-and epicardial layers in both LAD and circumflex areas in the 1.5-minute ligation subgroup was significantly higher than that in the nonligation subgroup, whereas the activity of the total glycogen phosphorylase of the endo-and epicardial layers in both LAD and circumflex areas in the 1.5-minute ligation subgroup was not significantly different from that in the nonligation subgroup. The activity of the glycogen phosphorylase a in the endo-and epicardial layers of the LAD area increased by 53.6 and 83.1%, respectively, and that of the circumflex area by 62.4 and 104.2%, respectively, after LAD ligation. The percent glycogen phosphorylase in the LAD area in the nonligation subgroup of the adrenalectomized group was not significantly different from that of the control group, whereas the percent glycogen phosphorylase in the circumflex area in the nonligation subgroup of the adrenalectomized group was significantly higher than that of the control group. Nevertheless, the percent glycogen phosphorylase in the 1.5-minute ligation subgroup was significantly higher than that in the nonligation subgroup in both ischemic and nonischemic areas, except for the endocardial value of the LAD area (Table 1 ). These results indicate that adrenalectomy does not prevent the increase in the glycogen phosphorylase activity being produced by LAD ligation.
Hexamethonium-Pretreated Group (Fig. 4) We used hexamethonium in this series of experiments to determine whether the increase in the glycogen phosphorylase after LAD ligation is related to the reflex mediated by the autonomic nerves. Heart rate, systolic and diastolic blood pressures before an injection of hexamethonium (3 mg/kg, iv) were 153 ± 4 beats/min, and 145.0 ± 5.5 and 109.6 ± 4.8 mm Hg, respectively, and those 20 minutes after the injection were 116 ± 4 beats/min, 99.2 ±4.1 and 70.6 ± 3.8 mm Hg, respectively. Both systolic and diastolic blood pressures after the hexamethonium injection were significantly lower than those before the injec- tion. The activity of the glycogen phosphorylase was measured in both 1.5-minute ligation and nonligation subgroups. There were no significant differences between 1.5-minute ligation (n=12) and nonligation (n=12) subgroups in the activity of the glycogen phosphorylase a and total glycogen phosphorylase of the endo-and epicardial layers in both LAD and circumflex areas. The percent glycogen phosphorylase in all the layers and areas of the nonligation subgroup in the hexamethonium-pretreated group was significantly higher than that in the control group. There was no significant difference, however, in the percent glycogen phosphorylase between 1.5-minute ligation and nonligation subgroups in the hexamethoniumpretreated group (Table 1) . These results indicate that hexamethonium increases the glycogen phosphorylase activity, but may prevent the increase in the glycogen phosphorylase activity being produced by LAD ligation.
HLP Group (Fig. 5 ) In this series of experiments, HLP was used to examine whether extracardial factors are related to the increase of the glycogen phosphorylase activity being produced by LAD ligation. Heart rate and cardiac output 30 minutes after completion of setup of HLP were 133 ± 4 beats/min and 751.5 ± 43.8 ml/ min, respectively. Systolic and diastolic aortic blood pressures were 114.5 ± 4.0 and 52.0 ± 4.8 mm Hg, respectively. These values of heart rate, cardiac output, and mean arterial blood pressure did not change markedly during the whole course of experiments (n=20). There was no significant difference in activities of both glycogen phosphorylase a and total glycogen phosphorylase between 1.5-minute ligation (n=12) and nonligation (/i=8) subgroups in any of the endo-and epicardial layers, or in any of the LAD and circumflex areas. The percent glycogen phosphorylase in the nonligation subgroup in the HLP group was not significantly different from that in the control group. There was no significant difference in the percent glycogen phosphorylase between 1.5-minute ligation and nonligation subgroups in the HLP group (Table  1) . These results indicate that the increase in the activity of the glycogen phosphorylase after LAD ligation does not occur in HLP, suggesting that extra- 
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Epi Total FIGURE 4. The effect of LAD ligation on* the endocardial (Endo) and epicardial (Epi) activities of the glycogen phosphorylase a and the total glycogen phosphorylase in the LAD and circumflex areas in the hexamethonium (Cs) pretreated group. In the 1.5-minute ligation subgroup, the LAD and circumflex areas refer to the ischemic and nonischemic areas, respectively. Hexamethonium was injected at the dose of 3 mg/kg intravenously 20 minutes before LAD ligation. cardiac factors are indispensable for producing the increase in the glycogen phosphorylase activity after LAD ligation.
Stellectomized Group (Fig. 6 )
We conducted this series in order to examine whether the efferent cardiac sympathetic nerve participates to the increase in activity of the glycogen phosphorylase after LAD ligation. Heart rate, systolic and diastolic blood pressures before stellectomy were 151 ± 5 beats/min, and 132.0 ± 5.4 and 103.0 ± 4.8 mm Hg, respectively, and those after stellectomy were 110 ± 4 beats/min, and 122.8 ± 3.9 and 95.2 ± 3.4 mm Hg, respectively. Only the decrease in heart rate after stellectomy was significantly different (P< 0.01).
In the stellectomized dogs, the activity of the glycogen phosphorylase was measured in both 1.5-minute ligation and nonligation subgroups. There were no significant differences between 1.5-minute ligation (n=13) and nonligation (n=10) subgroups in the activity of the glycogen phosphorylase a and total glycogen phosphorylase of the endo-and epicardial layers in both LAD and circumflex areas. The percent glycogen phosphorylase in the nonligation subgroup in the stellectomized group was not significantly different from that in the control group. There was no significant difference in the percent glycogen phosphorylase between 1.5-minute ligation and nonligation subgroups in the stellectomized group (Table 1) . These results indicate that stellectomy prevents the increase in the glycogen phosphorylase activity being produced by LAD ligation.
Additional Experiments (Table 2)
In 11 other dogs, the tissue levels of ATP, CrP, and lactate, and changes in ST segment of the surface electrocardiogram were determined in both LAD and circumflex areas. Table 2 shows the results of this study. In nonligation group (n=6), there were no significant differences between the LAD and circumflex areas in the levels of ATP, CrP, and lactate. In 1.5-minute ligation group (n=5), in which a branch of the LAD was ligated for 1.5 minutes, the level of CrP in the LAD (ischemic) area was significantly lower than that in the circumflex (nonischemic) area, and the level of lactate in the LAD area was significantly higher than that in the circumflex area. There was Endo Epi a form
Endo
Epi Total FIGURE 6. The effect of LAD ligation on the endocardial (Endo) and epicardial (Epi) activities of the glycogen phosphorylase a and the total glycogen phosphorylase in the LAD and circumflex areas in the stellectomized group. In the 1.5-minute ligation subgroup, the LAD and circumflex areas refer to the ischemic and nonischemic areas, respectively. also a significant change (elevation) in ST segment (12.8 ± 2.0 mV) in the LAD area after LAD ligation. The level of ATP in the LAD area, however, was not significantly different from that in the circumflex area, even after LAD ligation.
Discussion
Technical Considerations
Before discussing the results, the following two points should be considered from the technical point of view: one is the values of the activity of the glycogen phosphorylase and the other is definition of the ischemic and nonischemic areas. First, the percent glycogen phosphorylase obtained in the control normal dogs in the present study was from 18.7 to 30.8% (Table 1) , these values being similar to those obtained in our earlier study Abiko, 1975, 1977) but higher than those obtained in the rat heart in situ [about 14% according to Dobson and Meyer (1973) ], perfused rat heart [about 10 and 15% according to Friesen et al. (1969) and Gardner and Allen (1976) respectively], and dog heart in situ [about 15% ac-cording to Wollenberger et al. (1969) ]. This discrepancy may be due to differences in the experimental conditions and the technique of removing the myocardium. Under normal conditions, there are tonic discharges in the efferent sympathetic nerves, by which the activity of the glycogen phosphorylase could be increased. This view is supported partly by the findings that the percent glycogen phosphorylase activity in the reserpine-pretreated dogs (7.3 to 10.2%) was significantly lower than that in the control normal dogs ( Table 1) . The time required for removing and freezing the myocardium can be another reason for the increased glycogen phosphorylase activity. Nevertheless, there was a significant difference in the glycogen phosphorylase activity between the nonligation and 1.5-minute ligation subgroups, and therefore the effect of LAD ligation on the myocardial glycogen phosphorylase activity can be investigated. The reason why the activity of the glycogen phosphorylase in the LAD area was higher than that in the circumflex area in the control normal dogs is unclear, but it is possible that order of the removal of the myocardial samples may influence the glycogen phosphorylase activity. However, the order of removal does not affect the activity of the glycogen phosphorylase markedly, as demonstrated in our previous study (Sakai and Abiko, 1981) .
The second problem that should be considered is the area of ischemia and nonischemia. In the present study, ischemic sample was removed from the center of the ischemic area judged from color change and anatomical considerations of the ligated coronary artery. Additional experiments proved that ischemic and nonischemic areas that were judged by the above criteria were really ischemic and nonischemic, respectively, because in the ischemic area there were a decrease in CrP and an increase in lactate and ST segment, and in the nonischemic area there were no such changes. The ATP level did not decrease after LAD ligation, but this does not mean that the tissue is nonischemic, because the ATP level does not decrease significantly after LAD ligation in this kind of experiments as demonstrated earlier (Ichihara and Abiko, 1975) . Thus we can evaluate the results in the present study concerning the effect of LAD ligation on the ischemic and nonischemic areas of the myocardial glycogen phosphorylase activity.
Activity of the Glycogen Phosphorylase after LAD Ligation
One of the most characteristic findings was that, in the control group, the glycogen phosphorylase activity of both LAD and circumflex areas in the 1.5-minute ligation subgroup was significantly higher than that in the nonligation subgroup ( Fig. 1; Table 1 ). This result suggests that a conversion of the glycogen phosphorylase from b form to a form has occurred after LAD ligation. Our reason for removing the myocardial sample 1.5 minutes after LAD ligation is based on the finding that the glycogen phosphorylase activity increases most markedly 1.5 minutes after LAD ligation Abiko, 1975, 1977) . The result indicates that myocardial ischemia increases the glycogen phosphorylase activity not only in ischemic but also in nonischemic areas. Changes in the glycogen phosphorylase activity in the endocardial layers were not essentially different from those in the epicardial layers. In our previous study (Sakai and Abiko, 1981) , the norepinephrine level in the nonischemic area, but not in the ischemic area, decreased shortly after LAD ligation, whereas activity of the glycogen phosphorylase increased in both ischemic and nonischemic areas. (The latter finding accords well with that of the present study.) Therefore, it is possible that catecholamine-release occurs in both ischemic and nonischemic areas, and that the norepinephrine level in the ischemic area does not decrease because of practically no washout of the released catecholamines, and that the norepinephrine level in the nonischemic area decreases because of washout. According to Braasch et al. (1968) , after regional ischemia of the heart, activity of the phosphofructokinase increases without a marked accumulation of lactate in the nonischemic area, suggesting that there is a change in metabolism in the nonischemic area as well.
Participation of Catecholamines
By what mechanism, then, does glycogen phosphorylase activity increase in both ischemic and nonischemic areas? Since reserpine inhibited the increase of the glycogen phosphorylase activity being produced by coronary ligation (Fig. 2; Table 1 ), and since /8-adrenergic blocking agents effectively inhibit the ischemia-induced increase in the glycogen phosphorylase activity (Dobson and Mayer, 1973; Ichihara and Abiko, 1975) , catecholamine-release and stimulation of the /?-adrenergic receptors are considered to be responsible for the increase in the glycogen phosphorylase activity after coronary ligation. Nevertheless, there is a question as to why activity of the glycogen phosphorylase increases during ischemia in the nonischemic area, as well.
It has been known that catecholamine-release occurs in the adrenal glands in response to myocardial ischemia (Kelliher et al., 1975) . The catecholamines released from the adrenal glands circulate to the whole body, including the myocardium, in which the catecholamines may increase activity of glycogen phosphorylase in the nonischemic area. However, the results of the experiments with adrenalectomized dogs (Fig. 3; Table 1 ) suggest that the adrenal gland is not a primary cause of the increase in the glycogen phosphorylase activity produced by myocardial ischemia, because the activity of the myocardial glycogen phosphorylase increased after LAD ligation even when both adrenal glands were extirpated. There is a possibility, however, that catecholamine release occurs in the chromaffin cells that are present in tissues other than the adrenal medulla in response to LAD ligation. Nevertheless, contribution from chromaffin cells in tissues other than the adrenal medulla may be small compared to the adrenal medulla in normal animals. Alternatively, there is a possibility that the adrenal glands have not been extirpated completely, and the residual tissues of the adrenal glands have responded to LAD ligation to increase the myocardial glycogen phosphorylase activity. However, this possibility is weak, because blood pressure response to occlusion of both carotid arteries was abolished almost completely by adrenalectomy.
Neural Factor for Ischemia-Induced Increase in the Glycogen Phosphorylase Activity
There was a rise in activity of the glycogen phosphorylase in the hexamethonium-pretreated dogs. The reason for this is unclear, but it is probably due to an increased response of the heart to blood catecholamines because of inactivation of reflex compensatory mechanisms induced by hexamethonium (Paton and Zaimis, 1952) . However, the increase of activity of glycogen phosphorylase produced by LAD ligation was prevented by the administration of hexamethonium ( Fig. 4; Table 1 ). This suggests that a reflex mechanism through the autonomic nervous system is important in increasing the glycogen phosphorylase activity after LAD ligation. There is a possibility that glycogen phosphorylase activity does not increase after LAD ligation in the presence of hexamethonium, because it has already been increased by hexamethonium. However, this possibility is weak, because the percent glycogen phosphorylase after LAD ligation was low in the presence of hexamethonium (33.4 to 49.2%) compared with that in the absence of hexamethonium (55.0 to 58.6%). A weak point of this experiment is that blood pressure decreased after hexamethonium, and therefore conditions of the dog might have changed, modifying the response of the heart to LAD ligation.
In the HLP experiments, however, blood pressure was maintained almost constant. The results of the HLP experiments suggest that the increase in the glycogen phosphorylase activity induced by LAD ligation needs extra-cardiac factors (Fig. 5, Table 1 ), because the increase of the glycogen phosphorylase activity after LAD ligation did not occur in the HLP. The results are similar to those in the hexamethonium-pretreated dogs. Two major factors can be considered for the LAD ligation-induced increase in the glycogen phosphorylase activity; one is catecholamine-release from the adrenal medulla and the other is the catecholamine-release from the cardiac sympathetic nerve endings. The former may be less important because of the results of the experiments with adrenalectomy. It is unclear why adrenalectomy increased the percent glycogen phosphorylase only in the circumflex area. The value in the circumflex area, however, was similar to that in the LAD area, and LAD ligation increased the percent glycogen phosphorylase in the circumflex area as well. Accordingly, the increased glycogen phosphorylase activity in the circumflex area after LAD ligation seems not so important as far as mechanism of LAD ligation-induced glycogen phosphorylase is concerned, and it is possible that the results of the stellectomized dogs support the latter possibility ( Fig. 6 ; Table 1 ). In fact, reflex excitation of the efferent cardiac sympathetic nerve fibers occurs during coronary ligation (Malliani et al., 1969) . If the efferent cardiac sympathetic outflow increases after coronary ligation, heart rate and contractile force of the nonischemic area would have increased after LAD ligation. In the previous experiments in which two strain gauge arches were sutured on the ischemic and the nonischemic areas, contractile force in the nonischemic area was unchanged, or increased only slightly after LAD ligation (Abiko, 1981) . Nevertheless, heart rate did not increase after LAD ligation in the present study. The reason for this is unclear, but it is possible to assume that the glycogen phosphorylase response to LAD ligation may be more sensitive than are hemodynamic responses.
Although an efferent pathway involved in the glycogen phosphorylase increase seems to be an efferent cardiac sympathetic nerve, afferent pathways remain to be solved. There are two major possibilities; one is afferent cardiac sympathetic nerve fibers and the other, afferent cardiac parasympathetic nerve fibers. The former possibility is more probable, because excitation of the afferent cardiac sympathetic nerve fibers occurs after coronary ligation (Malliani et al., 1973; Uchida and Murao, 1974; Bosnjak et al., 1979) . The fact that transection of the dorsal roots from Cs to Ts reduced ectopic beats being induced by coronary ligation (Schwartz et al., 1976 ) also supports the important role of afferent cardiac sympathetic nerve fibers on cardiac function during coronary ligation. There arises then a question as to why the glycogen phosphorylase did not increase after LAD ligation in the HLP experiments. This is probably because circulation to the spinal cord, especially cervical and thoracic spinal cords that are important for a reflex arch of the cardio-cardiac sympathetic reflex, has been greatly reduced as a result of ligation of the brachiocephalic and left subclavian arteries, and of the descending aorta.
The second possibility (parasympathetic nerves as an afferent pathway) is also present, because afferent cardiac vagal nerve fibers can be stimulated by myocardial ischemia (Recordati et al., 1971 ). In the present study with stellectomized dogs, both vagi were not cut but were intact. Accordingly, there is a possibility that afferent vagal nerve fibers are stimulated by coronary ligation to increase glycogen phosphorylase activity. It is also possible to assume that both sympathetic and vagal nerves are contributing to the increase in efferent impulses of the cardiac sympathetic nerve fibers during coronary ligation, and hence to the increase of glycogen phosphorylase activity.
In conclusion, it is suggested that extra cardiac factors (probably neural factors) are involved in increasing the glycogen phosphorylase activity after LAD ligation, and that the efferent cardiac sympathetic nerve plays an important role as an efferent pathway of the neural factor, although the role of the adrenal medulla cannot be excluded completely from the efferent pathway. Afferent pathways responsible for the glycogen phosphorylase increase after coronary ligation remain to be investigated.
